T
HIS ARTICLE presents a computer-generated evaluation and summary technique that has been employed to monitor the effectiveness of new oncological drugs and treatments on patients undergoing cancer therapy. This single-page summary form, termed a visual evaluation and summary sheet (VESS), includes text data and digital camera images of pertinent radiology studies, visual manifestations such as rashes, other skin lesions, enlarged lymph nodes, mucositis, and/or graphs of pertinent data obtained during treatment that ate collected, sized, and collated by computer processing.
One mission in the Division of Cancer Research of the National Health Research Institutes is the evaluation of new drugs and treatment modalities for cancer therapy. Both appropriate patient management and proper monitoring of the research protocols require conscientious and explicit use of current clinical evidence. ~ Evidence should be meticulously and precisely collected in a timely and systematic manner so that any missing information can be recognized promptly and rectified. 2, 3 Cancer patients who have completed or are undergoing a predetermined number of treatment courses under a research protocol require evaluation of the response to treatment and of toxicity incurred asa result of the treatment in order to determine subsequent clinical management. 4 Documentation of tumor size is vital as an index of objective treatment response. Monitoring patient progress requires review of cumbersome medical files, radiographic studies, computerized tomographic scans, magnetic resonance images, nuclear medicine scans, anda meticulous matching of the original data with information recorded on many different case report forms. It is an immense task to gather and analyze these data. Use of the computergenerated VESS has replaced much of that task.
MATERIALS AND METHODS
Digital images were obtained with a Nikon COOLPIX600 Digital camera using a maximum matrix of 1,024 • 768 pixels (1.08 M pixels). The Nikon imaging software (Nikonview 600) was used for image editing and optimizafion. Afler transmitting image files onto the computer hard disk, they were cropped to the area of interest; adjusted for b¡ contrast, saturation and sharpness; and stored as joint photographic experts group (JPEG) files. An unprocessed image file usually occupied about 220 KB of memory, whereas the final JPEG file took between 100 and 150 KI3 after editing.
The computer employed was ah IBM Aptiva, with a 166 MHz Pentium II central processing unit and 32 MHz of random access memory. The operating system was Chinese Windows 95. Chinese Microsoft Word 97 was used to create a Word document combining text and image files. Images were imported using the "Insert Picture from File" function, dragged to the desired position, and scaled to the desired size. Text boxes were used to include text descriptions employing the "drawing tools" on the Tools menu.
Handheld photography of radiology images on a view box such as radiographs, CT and/or MR images, sonograms, and nuclear medicine studies can be performed with a steady hand. The immediate display of the image on the liquid crystal display (LCD) permits ah immediate decision to save the image of to delete it and repeat it. Selecting images that show the maximum diameter of lesionat the same level in studies taken at different time intervals requires the expertise of a radiologist of an expe¡ and trained physician and/or nurse. Digital photography of superficial skin lesions or rashes, lymph node nodules, oral mucositis, pharmacokinefic graphs, chromosome studies, comparative genomic hybridization figures, and other graphical data is easier to perform.
After assembly, a VESS page requires 1 to 8 MB of memory. It is adjusted to fit onto an A4-size paper (210 lnm • 297 mm or about 8.25 • 11.75 inches). Printing in either color or black and white is done at 720 dots per inch, using an Epson Stylus Color Ink Jet printer on photo-quality ink jet paper, tt takes 2 to 8 minutes to p¡ each VESS page, either immediately upon completion or later on demand from the stored image. Prior versions of the VESS ate used to generate updated versions to avoid redundant reentry of information that has not changed. Several annotated images from different days that show tumor size can be shown together, if desired. Alternatively, manually referring from a current VESS to one or more from earlier dates also is easy. Each clinical trial protocol requires completion of 6 different case report forros: consent, registration, on-study form, checklist, flow sheets, and measurement forms. The data contained in the single-page VESS covers most of the items on these 6 forms, as shown in Table 1 . Figures 1 and 2 provide are VESS examples for 2 different patients.
RESULTS

All cancer clinical patients in the Division
DISCUSSION
"Information design" is about managing the relationship between people and information so that the information is accessible to and usable by people. 5 However, medical charting often has focused on data entry, accuracy, and completeness to measure up to st¡ auditing, but in a suboptimal format for clinical decision making. The aim in medical record design should be to enable optimal retrieval and use of patient data, 6,7 and the best format for data presentation is that tailored to the decision to be made. 8 The visual summary/evaluation sheet (VESS) has been designed in a problem-orientated format. 9 All data have been organized in vertical columns for faster reading. 5,L~ With visual enhancement and documentation of pertinent and critical informa-LIU ET AL : 153 + days (response continuing, updated on 1999/3/10). : 153+days.
: not applicable. Visual evaluation/summary sheet of a breast cancer patient who underwent treatment "PFL." There are 6 CT sean images, 3 chest radiographs, 2 bone scans, and 3 images of the patient's skin. The document was 8.7 MB in size and took 5 minutes to print out in color. N/A, not applicable; L't, left; ER, estrogen receptor; PR10%+, progesterone receptor; G2PIA1, 2 pregnencies, 1 live birth, 1 abortion; CA, carcinoma; R/T, radiotherapy; RR, response rate; PR, partial response; C1D1, day I of course 1; PS, performance status; Wt, weight; AIb, albumin; ALP/GGT/LDH, alkaline phosphatase/gamma glutaryl transferase/lactate dehydrogenase; CT abdo, computerized tomography of the abdomen. needed to support a decision can be viewed asa 1-page structured abstract rather than as digest information spread over several pages. 7,t334 Adequate letter differentiation and rate of comprehension in reading can still be attained with appropriate font selection and spacing. ~5 Interpretation of visual images is faster when they are labeled with their message rather than their content, 14 a principle employed in the VES& Clinical errors in interpretation of data can be induced by lapse in attention14; information also blurs with time, a4 and unavoidably memory becomes fallible with increasing age. ~6 Thus, data should be recorded as soon as it is elicited to avoid distortions as well as omissions. 17
Digital imaging lightens the cumbersome task of recording the details of each picture frame as it is taken by a regular camera and takes the uncertainty out of having recorded an inferior quality image, discovered only after film development and that cannot be corrected. Digital images are immediately available for transmission and communication to a wide audience through e-mail, slide projection, television, and transmission on the Worldwide Web, and with present day technology and p¡ it is highly amenable and affordable to the physician population at large. 18-2~
The VESS certainly does have shortcomings. Image resolution is inferior to that of regular film, and in order to accommodate all relevant images on 1 page, image size must be compromised. The image selection process can be biased because not all the images are viewed, although signed approval by the principal investigator after completion of the VESS can be made compulsory. To the unskilled, it takes longer to enter pertinent information by computer than by writing; thus, formulation of the VESS can be time consuming and much slower than hand recording, 21,22 but with practice, the production process becomes accelerated. In short, the goal of the VESS is to provide the right data on the right patient, at the right time and place, as well as in the right format and language.
